A methanol extract of Rubus idaeus leaves was fractionated by column chromatography and the eluted samples were tested for their ability to relax transmurally stimulated Guinea pig ileum preparations in vitro. Two distinct bands of activity were detected. From band one sitosterol and eight triterpenoids were characterized, but only olean-18-ene-1β, 2α, 3α-triol demonstrated smooth muscle relaxant activity. This compound is, to the best of our knowledge, novel, as are olean-12-ene-3β, 29-diol and urs-12-ene-3β, 30-diol.
It has been demonstrated from in vitro studies in our laboratories that the methanol extract of the leaves of R. idaeus has a relaxant effect on transmurally stimulated Guinea pig ileum. It was also shown from bioassay-guided fractionation that there are at least two groups of compounds that display this activity, but they were not isolated and characterized [2] . We have, therefore, continued with this study in an attempt to characterize these compounds.
R. idaeus leaves were initially extracted with n-hexane to remove non-polar substances, which were demonstrated to lack muscle relaxant activity. The leaves were then extracted with methanol. After concentration of the extract, it was fractionated by column chromatography and the fractions were tested for muscle relaxant properties. Although the early fractions were inactive, from the chloroform eluate a compound was isolated which, by comparison of its 1 H and 13 C NMR spectroscopic characteristics with literature data [3] , was shown to be olean-12-en-3β-ol (β-amyrin). Fractions eluted with chloroformmethanol 95:5 and 94:6 (band one) and chloroformmethanol 70:30 and 50:50 (band two) demonstrated significant muscle relaxant properties. In this communication, we report on the constituents isolated and characterized from band one.
Thin layer chromatographic (TLC) examination of the different eluted fractions showed that those with the relaxant activity were still impure. However, multiple column chromatography, followed by preparative TLC, resulted in the isolation of eight compounds from band one.
From published spectroscopic and spectrometric data, compound 1 was proved to be urs-12-ene-3β-ol (α-amyrin) [3] [4] [5] , compound 2, sitosterol [6] , compound Compounds 4 and 5 were isolated together as a white amorphous powder. Low resolution EIMS analysis gave a molecular ion (M+) at m/z 442 (calculated for C 30 H 50 O 2 , m/z 442). The 1 H NMR spectrum recorded in CDCl 3 /CD 3 OD showed singlets (3H) at δ 0.77, 0.93, 0.98 and 1.26, and complex overlapping signals in the methylene envelope between δ 1.01 and 2.50 (31H). One C 3 H-OH double doublet at δ 3.18 (1H, J 3ax, 2ax = 9.97 Hz; J 3ax,2eq = 5.8 Hz) indicated that the hydroxy group was equatorially oriented, and a singlet at δ 3.30 corresponded to a CH 2 OH group. Two alkene methine triplets were observed at δ 5.21 and 5.25 (2H, J = 3.5 Hz).
The
13 C NMR spectrum of compounds 4 and 5 (Table 1) showed that the mixture of the two compounds was in an approximate ratio of 3:2. Both compounds share some structural features since a number of the carbon signals were relatively bigger, whilst others were in the ratio 3:2. The 13 C NMR spectroscopic data showed that one of the compounds was based on α-amyrin and the other on β-amyrin. The carbinyl alkene shifts for the two compounds were observed at δ 125.2 and 122.0, whilst their corresponding quaternary carbons were at δ 139.5 and 145.9, respectively. By comparison of these with literature values [3] , it was possible to conclude that the double bond was at C-12, as in α-and β-amyrin, respectively. As a result, many of the relatively larger signals could be assigned to rings A, B and C of a normal triterpene structure [3] , indicating the common structural features shared by the two compounds. Two methylenehydroxy signals at δ 72.7 and 61.6 were both about half the intensity of the C 3 HOH signal at δ 78.3. This suggested that the two compounds in the mixture were different by positioning of these CH 2 OH groups. By comparison of the remaining signals with literature data [3] of structures related to β-amyrin with CH 2 OH groups at C-27, C-28, C-29 and C-30, it was possible to conclude that the hydroxy group was attached to C-29 in 4.With compound 5 based on α-amyrin, it was speculated that the hydroxy group was attached to C-30. The remaining shifts were then assigned by comparison with the values of related structures with a C-30 hydroxylated group [4] [5] [6] .
From the spectroscopic and spectrometric data available, compound 4 was identified as olean-12-ene-3β, 29-diol and compound 5 as urs-12-ene-3β, 30-diol. Successful separation of these two compounds was not possible because of the small amount of material available and the very similar polarities of the two. 4 Hz) . The coupling constants extracted suggested that the hydroxy groups were positioned on three adjacent carbon atoms, with the CHOH responsible for the signal at δ 4.17 situated in between the other two CHOH groups. Also present in the spectrum was an alkene methine signal at δ 5.53 (1H, s).
13 C NMR spectrum of compound 8 (Table 1 ) showed a total of 30 carbon signals between δ 11.9 and 147.6, indicative of a triterpene. The carbinyl alkene produced a signal at δ 128.6 and the corresponding carbon atom at δ 147.6. The combined 1 H and 13 C NMR spectroscopic evidence suggested that the compound was based on olean-18-ene. The CHOH signals in the 13 C NMR spectrum were observed at δ 67.9, 74.2 and 77.2. Mass spectral fragments observed at m/z 279 (C 17 H 27 O 3 , rings A/B/C + 3 OH) and m/z 179 (C 13 H 23 , rings D/E) confirmed that the three hydroxy groups were on ring A. The relative orientation of the hydroxy groups was determined from consideration of the vicinal coupling constants (5.9 and 11.4 Hz), the expected angles (30  o and 180 o , respectively) between the vicinal methine CHOH groups, and comparison of the 13 C NMR data with available literature values of related structures. The 13 C NMR spectroscopic data for ring A of urs-1β, 2α, 3α, 24-tetrol-12-ene [7] (C 1 : δ 79.4; C 2 : δ 69.7 and C 3 : δ 73.2) compared well, despite the presence of the extra hydroxy group at C-24 and the triterpene not being based on olean-18-ene. Evidence for the 1β-hydroxy group was confirmed by the highfield methyl signal at δ 11.9 (literature value [7] δ 11.6). This then suggested that the hydroxy groups at C-2 and C-3 had to be 2α and 3α. The full assignment of the 13 C NMR chemical shifts is given in Table 1 . Analysis of the spectral and mass spectrometric information showed that compound 8 was olean-18-ene-1β, 2α, 3α-triol.
The isolated compounds were tested for pharmacological activity using transmurally stimulated Guinea pig ileum preparations in vitro. From band one, the only compound shown to produce a significant effect was olean-18-ene-1β, 2α, 3α-triol (compound 8). The other triterpenoids characterized lacked activity in the test system used. Although smooth muscle relaxant properties of raspberry leaves have been demonstrated previously (for example [2] }, to our knowledge, this is the first time that a compound responsible for part of this relaxant activity has been identified. were demonstrated to have dose dependent muscle relaxant activity, as reported by us previously [2] .
Column chromatographic separation of compounds from band 1: The combined fractions of band 1 were subjected to further separation on a column (65 x 6 cm) containing silica gel (230-400 mesh) by elution with n-hexane (1 L), followed by mixtures, of increasing polarity, of n-hexane-CHCl 3 (3 L), CHCl 3 (2 L), and CHCl 3 -MeOH. Samples (196), each of 100mL, were collected, examined by TLC and tested for biological activity, which was detected in fractions 95-105, eluted with CHCl 3 -MeOH (85:15).
The active fractions were pooled and refractionated on a column (65 x 6 cm) containing silica gel (230-400 mesh) by eluting with CHCl 3 , CHCl 3 Preparative TLC: The semi-purified fractions of band 1 obtained from the final silica gel column were purified further by preparative TLC, using oven-dried (100 o C for 30 min) silica gel 60 F 254 (Merck, UK) layers, 500 μm thick, and double development with different proportions of CHCl 3 -n-hexane-MeOH. One edge of each chromatogram was sprayed with ρ-anisaldehyde reagent and heated at 80 o C for 5 min. to identify the separated compounds. The area of the chromatogram corresponding to each separated band was scraped off, and the compounds it contained were extracted in either CHCl 3 or MeOH. The extract, after filtration, was evaporated to dryness. In this way, compound 1 (α-amyrin), compound 2 (sitosterol), compound 3 (pomolic acid), and compound 8 (olean-18-ene-1β, 2α, 3α-triol) were isolated.
The semi-purified fractions of band 1 obtained from the Sephadex column were purified further by preparative TLC using double development in CHCl 3 -n-hexane-MeOH 75:20:5. In this way, a mixture of compounds 4 and 5 (olean-12-ene-3β, 29-diol and urs-12-ene-3β, 30-diol), and a mixture of compounds 6 and 7 (oleanolic and ursolic acids) were isolated.
Chemical characterization:
Melting points (uncorrected) were determined using a hot stage microscope (Regulac Variable Transformer RB 200/40 MT). Infrared spectra (KBr) were measured using a Perkin Elmer Paragon 1000 FT-IR spectrometer.
1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded in either CDCl 3 or CD 3 OD, depending on the solubility characteristics of the compound, using a Jeol Eclipe 400 MHz instrument. Chemical shifts were measured in ppm, against a solution of tetramethylsilane as internal standard. FAB MS were recorded using a Jeol DX-303 spectrometer with a post acceleration detector, coupled to a DA 5000 data system. The samples were applied in glycerol/thioglycerol/trifluoroacetic acid (1: 1: 0.1 v/v), and 99.999 % xenon (Cambrian) was used as the bombardment gas.
Smooth muscle relaxant activity:
The procedure using transmurally stimulated Guinea pig ileum preparations in vitro was that described by us previously [2] .
Olean-12-ene-3β, 29-diol (4) and Urs-12-ene-3β, 30-diol Table 1 .
